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Background: The traditional anti-inflammation disease-modifying anti-rheumatic drugs

(DMARDs) have limited therapeutic effects in rheumatoid arthritis (RA) patients. We

previously reported the safety and efficacy of umbilical cord mesenchymal stem cell (UC-

MSC) treatment in RA patients that were observed for up to 8 months after UC-MSC

infusion. The aim of this study is to assess the long-term efficacy and safety of UC-MSC

along with DMARDs for the treatment of RA.

Methods: 64 RA patients aged 18–64 years were recruited in the study. During the

treatment, patients were treated with 40 mL UC-MSC suspension product (2 × 107 cells/

20 mL) via intravenous injection immediately after the infusion of 100 mL saline. The

serological markers tests were used to assess safety and the 28-joint disease activity score

(DAS28) and the Health Assessment Questionnaire (HAQ) to assess efficacy.

Results: 1 year and 3 years after UC-MSC cells treatment, the blood routine, liver and

kidney function and immunoglobulin examination showed no abnormalities, which were all

in the normal range. The ESR, CRP, RF of 1 year and 3 years after treatment and anti-CCP of

3 years after treatment were detected to be lower than that of pretreatment, which showed

significant change (P < 0.05). Health index (HAQ) and joint function index (DAS28)

decreased 1 year and 3 years after treatment than before treatment (P < 0.05).

Conclusion: UC-MSC cells plus DMARDs therapy can be a safe, effective and feasible

therapeutic option for RA patients.

Keywords: rheumatoid arthritis, umbilical cord mesenchymal stem cell, cell therapy

Introduction
Rheumatoid arthritis (RA) is a chronic, autoimmune disease affecting multiple joints

symmetrically.1 The main symptoms at the early stage of the disease are joint pain and

swelling; at late stage, arthritis leads to joint stiffness, malformation, loss of function, and

even disability.2 Currently, available medication for RA treatment has limited efficacy,

including non-steroidal anti-inflammatory drugs (NSAIDs), disease-modifying anti-

rheumatic drugs (DMARDs) and immunosuppressants.3 The target cytokine therapy

has some therapeutic effects but without significant repair of injured joints, which

restricts its widespread clinical use.

Mesenchymal stem cells (MSCs) are characterized by their regenerative property

to repair parenchymal tissue and organs through differentiating into lineages of

mesenchymal tissues, as well as immunomodulation.4 Injected MSCs can migrate

to injured tissues and facilitate the recovery of damaged cells.5 Clinical studies have
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demonstrated the clinical benefits of MSCs in RA therapy.6

However, the therapeutic benefits of umbilical cord tissue-

derived MSCs (UC-MSCs) for the treatment of RA have

not been well studied clinically. As is known that the key

factor in the pathogenesis of RA is the elevated cytokines

arising from numerous synovial cells.7 MSCs can express

various receptors for pro-inflammatory cytokines8 to reduce

inflammation in RA patients. We have previously reported

the safety and efficacy of UC-MSC for the treatment of RA

patients for up to 8 months after UC-MSC infusion.9 The

aim of this 3-year cohort study is to assess the long-term

efficacy and safety of UC-MSC plus DMARDs therapy for

RA. The data demonstrated that UC-MSC treatment was

safe and able to benefit RA patients in long term when

combined with DMARDs. Continuous UC-MSC treatment

can resume patients’ physical activity function to achieve

excellent clinical benefits.

Materials and Methods
Patients
According to the diagnostic criteria of RA from American

Rheumatism Association,10 64 RA patients from 986 hos-

pital of People’s Liberation Army Air Force were recruited

in this study between January 2000 and January 2017. The

inclusion criteria: swelling is present in at least one joint,

and three or more joint swelling; morning stiffness for 3 hrs

on average which did not have another cause; results from

at least one blood test indicate the presence of RA; symp-

toms have been present for at least 6 weeks. Exclusion

criteria: Patients were excluded from the study if they are;

pregnant, aged under 12 or over 70 years, had received any

RA treatment before. The study was registered in

ClinicalTrials.gov (NCT01547091) and approved by the

ethics committee of 986 hospital of People’s Liberation

Army Air Force. The authors intend to share all individual

deidentified participant data which will be accessible on

ClinicalTrials.gov (NCT01547091) for 1 year.

The disease activity for all the patients could not be

well controlled by the previous DMARDs or NSAIDs.

Data regarding the clinical characteristic were collected

and retrospectively analyzed (Table 1). All patients had

morning stiffness for 3 h on average and three or more

joint swelling. There were 8 males and 56 females, aged

16–64 years, with an average age of 42 years. The course

of the disease was from 6 months to 35 years. In addition,

3 Juvenile Rheumatoid Arthritis (JRA) patients and 4

ankylosing spondylitis (AS) patients were included in

this study. All patients’ written informed consent was

obtained in accordance with the Declaration of Helsinki

and the ethics committee of 986 hospital of People’s

Liberation Army Air Force, and the written informed

consent for any patient under the age of 18 years was

provided by a parent or legal guardian.

Treatment Process
The study design is illustrated in Figure 1. To prevent allergy

during and after UC-MSC treatment, 2–5 mg of dexametha-

sone diluted in 100 mL of saline was given to patients intrave-

nously right before the infusion of UC-MSC. For patients with

hyperglycemia (Fasting glucose >7.0 mmol/L) and hyperten-

sion, 12.5–25 mg of promethazine (Phenergan) was given

intramuscularly instead of dexamethasone. UC-MSCs were

obtained from Stem Cell Biology and Regenerative Medicine

Institution, Yi-Chuang Institute of Bio-Industry Cells met the

eligible criteria for clinical use.11 During treatment, each

patient received 40mL of UC-MSC product (2 × 107

cells/20 mL) intravenously immediately after 100mL normal

saline infusion, at the infusion rate of 1 mL/minute.

All patients maintained individualized long-term appli-

cation of small dose DMARDs: leflunomide 10 mg/day,

hydroxychloroquine sulfate 0.2 g/day or methotrexate

7.5 mg/week. ECG monitoring was performed in the

Table 1 Patients Characteristics and Demographics

Characteristics N (%)

Patients 64

Gender

Male 8(12.5%)

Female 56(87.5%)

Age(years) Median 48

Mean (Range) 42(16–64)

Duration of the disease (years) Median 15

Mean (Range) 10(0.5–35)

Joints pain number 4 (3–10)

Morning stiffness (hours) 3.4 (2–5)

Disease status Mean (Range)

HAQ 5.20(2–12)

DAS 28 4.25(1.63–7.21)

Along with the symptoms(n)

JRA 3(4.7%)

AS 4(6.25%)

Abbreviations: HAQ, the Health Assessment Questionnaire; DAS 28, the 28-joint

disease activity score; AS, ankylosing spondylitis; JRA, juvenile rheumatoid arthritis.
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whole process. Adverse events and the clinical information

were recorded. Tests for serological markers to assess

safety and the 28-joint disease activity score, and the

Health Assessment Questionnaire to assess efficacy.

Clinical Evaluation
All patients’ blood samples were collected before treat-

ment, 1 year, and 3 years after UC-MSC treatment. Safety

assessment was performed by testing blood routine, liver

and kidney function and immunoglobulin, stability assess-

ment by HAQ and DAS28 and serological markers

included ESR, CRP, RF, and anti-CCP antibody.

According to the clinical relief of American Rheumatism

Association’s standard clinical relief of RA10 should meet at

least 4 of the 5 following criteria: morning stiffness time is

less than 15 mins; no fatigue sensation; no joint pain and

tenderness; no joint swelling; ESR was less than 30 mm/h in

women and 20 mm/h in men. Obvious relief means that in

addition to meet 4 of the above 5 criteria, ESR and CRP each

improvement of 50%, and RF decreased by more than 30%.

Effective criteria are to meet half of the above obvious effect

criteria. Invalid effect criteria means that patients who fail to

reach 3 of the 6 criteria for obvious effect or RA condition

worsens. The DAS28 was used to assess the disease status,

with examining the number of tenderness (T28) and swelling

joints (SW28). The pain score (0–10) was used to assess the

patients' pain status during the follow-up. Before treatment,1

patient had no pain (score 0), 16 patients had minor pain

(score 1–3), 28 patients had moderate pain (score 4–6), 19

patients had severe pain (score 7–10). After treatment, 13

patients had no pain (score 0), 16 patients had minor pain

(score 1–3),23 patients had moderate pain (score 4–6), 12

patients had severe pain (score 7–10).

Statistical Analysis
All continuous variables were showed as descriptive statis-

tics, which were recorded as a mean ± standard error. The

change between baseline and end point was compared by the

one-way ANOVA on Graph Pad Prism 7.0. Data for evalua-

tion before and after the treatment were compared by

Tukey’s test and Bonferroni multiple comparison correction

tests. P<0.05 was considered as statistical significance.

Results
Long-Term Safety
All patients showed no abnormality in the blood routine

examination. Routine blood marker, TP (Figure 2A), ALB

(Figure 2B), WB (Figure 2E) and MCV (Figure 2F) had no

significant change at 1-year or 3-year posttreatment with UC-

MSC plus DMARDs as compared to pretreatment (P>0.05).

Globulin (Figure 2C) and Platelet (Figure 2D) had significant

difference between pretreatment and 1 year or 3 years after

treatment (P<0.05). Liver, kidney function and immunoglo-

bulins levels from each patient were all within normal range

before, 1 year and 3 years after UC-MSC treatment (Figure 3).

Long-Term Changes of Inflammatory and

Serological Markers
There are significant decreases for the Inflammatory and/or

RA Serological Makers including ESR, CRP, RF and anti-

CCP at 1 year and 3 years after treatment. Compared with the

pretreatment level from patients with RA, they showed

decreased levels of ESR, CRP, RF, and anti-CCP after

1 year and 3-year posttreatment. The ESR, CRP decreased

significant difference (P<0.01) (Figure 4A and D). Another

marker, RF, also showed a decreased trend, particularly at 3

years after the treatment (P<0.05) (Figure 4B). The anti-CCP

levels between pretreatment and 1-year posttreatment show

no significant difference (Figure 4C). The value of ESR,

CRP, RF, and anti-CCP remained stable between 1-year

posttreatment and 3 years posttreatment, which showed no

significance (P>0.05) (Figure 4).

Long-Term Efficacy
The scores DAS28 decreased significantly at 1 year after

treatment compared with pretreatment (P<0.05), and it con-

tinued to decrease at 3 years after treatment (Figure 5A).

Consistently, the health assessment questionnaire (HAQ)

64 RA patients

Curative effect 
evaluation 

Long-term stability 
evaluation

Long -term safety 
evaluation 

Blood routine, liver 
and kidney function, 

immunoglobulin

Pretreatment, 1 year 
and 3 years after 

treatment

ESR, CRP, RF 
and anti CCP 

HAQ and 
DAS28

UC-MSCs 
treatment 

Figure 1 Schematic of clinical evaluation for enrolled RA patients treatment by

UC-MSC cells.
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Figure 2 Routine blood marker changes during different times. TP (A), ALB (B), globulin (C), platelet (D), WB (E) and MCV (F) before treatment and 1-year posttreatment

and 3-year posttreatment with umbilical cord mesenchymal stem cells (UC-MSCs) plus disease-modifying anti-rheumatic drugs (DMARDs). Pre-treatment versus after the

first or second treatment; * represents P < 0.05, ns represents no significance difference (n = 64).
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Figure 3 Live, kidney function and immunoglobulin character of test. BUN (A), cholesterol (B), creatinine (C), hemoglobin (D), blood glucose (E), triglyceride (F) and uric

acid (G) before treatment and 1-year posttreatment and 3-year posttreatment with umbilical cord mesenchymal stem cells (UC-MSCs) plus disease-modifying anti-

rheumatic drugs (DMARDs). Pre-treatment versus after the first or second treatment, ns represents no significance difference (n = 64).
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scores also decreased significantly at 1 year and 3 years after

treatment compared with pretreatment (P<0.05), and there is

a significant difference of HAQ score between 1-year and

3-year posttreatment (P<0.05) (Figure 5B). These data suggest

the long-term efficacy of UC-MSC treatment.

The pictures of two representative patients that received

UC-MSC are provided in Figures 6 and 7. The first patient is

a 68-year-old man who had serious joint pain, swelling and

deformity before treatment had achieved remission since 6

months after UC-MSC treatment and maintained till 3 years

after treatment (Figure 6A). Three-year after UC-MSCs

treatment, the joint deformity recovered (Figure 6B) and

the pain disappeared. What is more, he can move freely and

do some physical exercise.

Another RA patient, who was a 33-year-old woman with

serious joint swelling and deformity before treatment

(Figure 7A), also achieved remission. Three-year after UC-

MSC treatment, the joint deformity was recovered (Figure 7B)

Figure 4 Long-term stability evaluation of RA patients. ESR (A), RF (B), Anti-CCP (C) and CRP (D), before treatment and 1-year posttreatment and 3-year posttreatment

with disease-modifying anti-rheumatic drugs (DMARDs) plus umbilical cord mesenchymal stem cells (UC-MSCs). Pre-treatment versus after the first or second treatment,

*** represents P < 0.001, ** represents P < 0.01; 1-year posttreatment versus 3-year posttreatment, * represents P < 0.05; ns represents no significance (n = 64).
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and swelling was well-healed. In addition, she can run some-

times freely and do some physical exercise.

Discussion
In our previous report,9,12 we have shown the UC-MSC

treatment was safe and effective in clinical treatment. We

observed the patients up to 8 months after UC-MSC treat-

ment in RA patients, which no acute serious side-effects

occurred either during or after UC-MSCs infusion, and only

few patients (4%) showed mild adverse effects such as flu-

like symptoms during the infusion, which disappeared

within hours without any treatment. All patients have

shown improvements in the diet, sleep, and physical

strength after the cell therapy based on patients’ reports.

In comparison, there was no such improvement in the

control group. In addition, the clinical response to UC-

MSCs treatment was rapid (as early as 12 h posttreatment)

with the physical evidence after the administration of

Figure 5 Scores of DAS28 and HAQ were evaluated after twice of UC-MSCs treatment. (A) DAS28 score was evaluated; (B) HAQ score was evaluated. Pre-treatment

versus after the first or second treatment; *** represents P < 0.001, 1-year posttreatment versus 3-year posttreatment; * represents P < 0.05 (n = 64).

BA

Figure 6 A 68 year-male was diagnosed with RA in 1998. In 2010, he was admitted to our hospital for the first time. (A) Shows that his hands could not be kept straight. (B)
After 3 years posttreatment, he has stopped using anti-rheumatism medicine for 5 years, and his hands stretch freely and the rheumatic nodules around the joints gradually

become soft and fade.
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UC-MSCs. In the placebo group, no significant changes in

symptoms were detected throughout the study.

This 3-year cohort study of UC-MSC therapy for RAwas

aimed to provide further data on the long-term safety and

efficacy of UC-MSC treatment. The results demonstrated

that DMARD drug combined with UC-MSCs therapy alle-

viated RA symptoms, reduced HAQ and DAS28 scores, as

well as reduced levels of RF, CRP, ESR, and anti-CCP and

the effects maintained for 3 years after UC-MSC treatment.

Traditional therapy for RA includes DMARDs, non-

steroidal anti-inflammatory drugs (NSAIDs), slow-acting

anti-rheumatic drugs (SAARDs) and hormone drugs,13

with high disease recurrence rate and side effects after long-

term use.14 Treatments with hormone for a long time can

result in reduced immunity and osteoporosis with sodium

and water retention. Thus, such treatments have poor patient

compliance. Most importantly, they cannot change the pro-

gress of the disease. Besides joint injury, RA also affects

multiple tissues and organs. Traditional drug therapy could

not perform the regeneration and repair of damaged tissues.

In recent years, cytokine targeted therapies have been

developed, such as TNF-competitive inhibitor Etanercept

and TNF-monoclonal antibody Infliximab,15 which have

been widely used to inhibit the proliferation of synovial

cells, reduce the release of inflammatory factors and achieve

the effect of anti-inflammatory and improvement of RA

symptoms.16 However, Bongartz et al17 found that the use

of TNF-inhibitors is likely to increase the occurrence of

various post-operative infections, and has no obvious ability

to repair damaged joints, thus limiting its clinical use.

Currently, refractory RA cannot be well controlled by the

available clinical treatments. Some patients are intolerant to

certain immunosuppressive agents, which limits the scope of

drug use. Therefore, new treatments need to be explored.

With the development of bioengineering and cell biol-

ogy, the research on stem cells continues to spread, and the

application of stem cell therapy for RA will become pop-

ular. Mesenchymal stem cells have biological characteris-

tics of regenerative repair of parenchymal tissues and

organs and immune regulation, providing a new prospect

for the treatment of RA.18,19 In our study, the levels of

rheumatoid factors and anti-CCP antibodies showed

a slow decline, and some of them were even on the high

side. The data even reached >500, because the immuno-

modulation process of different patients has an individual

difference and it is a tardiness process, so the rate of

decline varies from person to person.

Based on the extensive and in-depth research on UC-

MSC, UC-MSC should function in different aspects in the

treatment of RA. Firstly, basic studies have confirmed that

MSCs can differentiate into osteoblasts, cartilage, fat, ten-

don, muscle and other cells in vitro and in vivo,20 which may

participate in the regeneration and repair of damaged tissues.

Secondly, joint lesions can promote the aggregation ofMSCs

to the lesion synovium to repair the damaged joint tissue.21

Chen et al22 reported the feasibility of using MSCs to con-

struct bone and cartilage combined grafts, and confirmed that

adding MSCs into solid supports can promote the repair of

cartilage defects. In a mice model of arthritis, single intraper-

itoneal injection of primary mouse MSCs prevented severe

damage to the affected bone and cartilage.23 Thirdly, MSCs

secrete a variety of cytokines with nutritional effects and can

promote the proliferation and differentiation of stem cells.24

Fourthly, MSCs have unique immunomodulatory effects.

BA

Figure 7 A 33-year female, with 4 years of illness, (A) difficulty in clenching, swelling and pain, morning stiffness, (B) After UC-MSC cells treatment 1 week, the symptoms

improved significantly.
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When added into the mitogen-stimulated peripheral blood

lymphocyte culture system, both autogenous and allogeneic

MSCs can significantly inhibit the proliferation and activa-

tion of T lymphocytes, which plays an important role in the

regulation of the immune network and is expected to funda-

mentally adjust the pathological immune system of

patients.25 In addition, when MSCs differentiate into other

types of cells, it still retains its immunomodulatory effect;26

Fifthly, MSCs have a chemotaxis effect, which can prevent

the release of inflammatory mediators, reduce the inflamma-

tory reaction and tissue damage, and disease progression.27,28

In this study, after the treatment of UC-MSC for RA

patients, personalized low dose of DMARDs therapy was

maintained for a long time. The serological indexes of the

patients were stable for a long time, reaching the low activity

level of RA, which was consistent with the improved clinical

symptoms. Therefore, UC-MSC therapy is safe for RA treat-

ment. UC-MSC cell combined with DMARDs treatment can

maintain low disease activity and improve the quality of life

for RA patients for a long time. The underlying mechanism

may be related to UC-MSC’s ability to regulate patients’

autoimmune tolerance and improve the tolerance of anti-

rheumatism drugs for RA patients.29–31

This study supplements the data of our previous studies

and provides the supportive evidence of long-term safety and

efficiency in the use of UC-MSC therapy for RA. The limita-

tion of the current study is that all patients were enrolled and

treated from a single center, and there is no placebo control for

the long-term observation. Therefore, a larger multiple-center,

controlled study needs to be confirmed to confirm the current

findings. However, the result of this study supported the use of

UC-MSC infusion for RA treatment, as all patients failed

traditional drug treatment and obtained symptom improve-

ments and evaluation index decrease after UC-MSC treatment.

Overall, our study demonstrated the long-term safety

and efficacy of UC-MSC therapy in RA patients. The

therapeutic effects of UC-MSC can be maintained for 3

years, with stable clinical outcomes, which significantly

improved RA patients’ quality of life.
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